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INTRODUCTION 


The principal morganic materials now used in the manufacture of 
fertilizers are acid phosphate, sodium nitrate, ammonium sulphate 
and various pctash salts. All of these materials, which amount to 
70 per cent of the total consumed in the fertilizer industry in this 
country, have the feature in common that they contain but one 
fertilizing element. A number of organic materials such as cotton- 
seed meal, tankage, and fish scrap contain marketable quantities of two, 
or even all three, of the essential constituents of fertilizers; but it often 
happens that the value of one of the constituents so much exceeds that 
of the others that the latter are frequently disregarded. The calcu- 
lation of the materials required in the manufacture of the great bulk 
of mixed fertilizers is therefore a comparatively simple matter. 

Thus, for example, the quantity of a material, such as ammonium 
sulphate with 25 per cent ammonia, required in a ton (2,000 pounds) 
of a fertilizer mixture to contain, say, 8 per cent of ammonia is 
simply obtained by multiplying the latter percentage by 2,000 and 
dividing by the former percentage (2,000 x 8/25 =640). Or, in 
general, if a is the per cent of ammonia in the material, and A the 
desired percentage of ammonia in the complete fertilizer, then X 
(the quantity of material required) is given by the equation 
x¢ 2,000 A. 

ied 

In the same way, the quantities Y and Z of the phosphoric acid 
and potash materials required in a complete fertilizer are given by 
the equations: 

B C 
Y=2,000; and Z=2,000 ~ 
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where B and C respectively are the percentages of phosphoric acid 
and potash desired in the fertilizer, and 6 and c the actual percent- 
ages in the materials used. 

Having obtained X, Y, and Z, the quantity of filler (F’) to be 
used in the mixed fertilizer is given by the equation / =2,000— 
(X4+Y+Z). - 

It is evident that the sum, X +¥ + Z, can not exceed 2,000 pounds, 
making / a minus quantity; for, in such a case, though the desired . 
relative proportions of the respective fertilizirig elements could be 
maintained, the desired analysis formula! could not be obtained by 
using the particular materials available. 

In Table 1? are given directly values of X, Y, and Z, with varia- 
tions of A, B, or C, from one-half to 20 per cent; and of a, b, or ¢, 
from 1 to 50 per cent. Thus, to find the amount ot a material (con- 
taining any particular per cent of fertilizer constituent given in the 
first column of figures) required for 2,000 pounds of fertilizer (con- 
taining a desired per cent of the same constituent given in the top 
line of figures), use the number of pounds of this material shown 
where the horizontal and vertical lies from the two percentages 
cross. 


TABLE 1.—Weights of single fertilizer constituent materials required for fertilizer 
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! The following expressions, when occurring in this bulletin, are used to mean as follows: 

“Fertilizer analysis formula,’’ or simply ‘‘analysis formula,” the formulated statement of the percent 
ages of ammonia, phosphoric acid, and potash in a fertilizer. Thus 3-9-3 is the ‘analysis formula’”’ of a 
ertilizer guaranteed to contain 3 per cent NHs, 9 per cent P2 Os, and 3 per cent K20O. 

“Fertilizer ratio,”’ the formulated statement of the percentages of ammonia, phosphoric acid, and potash, 
in a fertilizer when expressed on the basis of the fertilizing elements alone. 

‘* Fertilizer formula,” or “formula,”’ a statement of the ingredients and weights of each required to make 
a ton of a mixed fertilizer. 

* Compiled from data given in Table 2, Bull. 221, p. 15, Va. Agr. Expt. Sta., with additions. 
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If it is desired to supply a fertilizer constituent, such as ammonia, 
from two or more single constituent materials, it is customary to 
decide arbitrarily beforehand on the percentage of the constituent 
in the fertilizer which shall be supphed by each material. The 
quantity of each material to be taken is then found directly in the 
usual way by reference to Table 1. | 

When one or more of the materials used in a fertilizer contains 
more than one fertilizer constituent, the calculation of the mixture 
can most conveniently be done by listing the data in tabular form, as 
illustrated in Table 2. Of the materials listed in the table for use in a 
3-8-3 mixture, three contain ammonia. If it is decided that the 
sodium nitrate shall supply half of the ammonia (or 30 pounds per 
ton of fertilizer) and the cottonseed meal and tankage 15 pounds each, 
then the weights of these materials required to yield these quantities 
of ammonia are 162, 200, and 177 pounds, respectively. But 200 
pounds of cottonseed meal also contain 5.6 pounds of P.O; and 
3.4 pounds of K,O, while 177 pounds of tankage contain 8.8 pounds 
of P,O,. The remaining 145.6 pounds of P,O; and 56.6 pounds of K,O 
require, respectively, 910 pounds of acid phosphate and 283 pounds 
manure salt. , 


TaBLe 2.— Method of listing data for 3—S8—3 fertilizer masture 


Composition Constituents required ; 
j F Material 
Materials rad 
NH; | P20; | KO | NH: | P20s | KO, | Tequire 
Per cent | Per cent | Per cent |} Pounds Pounds | Pounds | Pounds 
Nitrate ofSodae: ea a eee LSA Oise ees Be AL pte, S050) |as 4 poe aos ee, ee 162 
Cotvonsecdmeal eet. = sae eo 2.8 18% 15.0 6.6 3. 4 200 
ankace seer fis prey re Veer. 8.5 OL Ob as eT 15.0 S18 Fee SEL 177 
Acidhphosphate® a ese arts aoe ke: iTS ele ee ee cn ka 145 Gy eee tee 910 
INEATIWURERS HI Pat SA BEI ADS AEA ee Bath PAUP Ol ees eee EA 56. 6 283 
ARG ep N base ae ee RS al oh SO So a ta i Be er el 60. 0 160. 0 60. 0 1. 732 
UNI eye LESS oe Poon ie eS Te oe el a eee eee Te See en ae ae | ee ee eb oe oF bd 268 
| 2, 000 


The general formula for the calculation of a fertilizer mixture of 
this kind may be expressed as follows:— 
Ifa =Percentage of NH, in sodium nitrate 
a’ =Percentage of NH, in cottonseed meal 
a’’ = Percentage of NH, in tankage 
b =Percentage of P,O, in cottonseed meal 
b’ =Percentage of P,O, in tankage 
b’’ = Percentage of P.O, in acid phosphate 
¢ =Percentage of K,O in cottonseed meal 
c’ =Percentage of K,O in manure salt 


then for an A—B-C fertilizer: 
X, sodium nitrate required = 2, 000 ate 


X’, cottonseed meal required = 2, 000 ae 

AjA 

ait 

2,000 B—(bX’ +b’ X”’) 
bit 


X’’, tankage required = 2, 000 


Y, acid phosphate required =. 
2, 000 O=eX”, 


Z, manure salt required = : 


| 
| 
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When each of the three fertilizing elements of a mixed fertilizer is 
supplied by one or more simple constituent materials, with or without 
the addition of two or three constituent materials, considerable leewa 
is possible in the proportions of the like constituent materials whic 
may be taken, and in such cases there is little or no advantage in 
the use of a general formula for the calculation of such mixtures. 

As the number of materials, particularly single-constituent mate- 
rials, available for a fertilizer mixture is reduced, the range of fer- 
tilizer analysis formulae which they are capable of making is also 
reduced, and the difficulty of the ordinary arithmetic method of 
calculating any given mixture may be greatly increased. 

It is likely that in the future fewer materials will be used in mixed 
fertilizers, and that the concentration of these materials will be 
greater. This condition is to be expected from reasons to be dis- 
cussed later. The object of the present bulletin is, therefore, to outline 
simple methods for determining the possible fertilizer ratios which 
may be made from concentrated fertilizer materials, and for calculat- 
ing the quantities required for any given fertilizer analysis formula. 

THE TRIANGULAR SYSTEM FOR FERTILIZER MIXTURES 

From the trade standpoint the value of a complete fertilizer, in 
the present development of the fertilizer industry, is based entirely 
on the available ammonia, phosphoric acid, and potash present, and 
is independent of the number of materials in the mixture. Variations 
in the composition of mixed fertilizers may therefore be represented 
by use of a system of three coordinates corresponding to the three 
variables, ammonia, phosphoric acid, and potash. Such a system of 
coordinates is the triangular system and the range of fertilizer ratios 
which can be made from fertilizer materials can be readily determined 
with the aid of triangular section paper as represented in Plate I. 

The corners A, B, and C of the triangle represent 100 per cent of 
NH,, P,O;, and K,O, respectively. The distance from each corner 
of the triangle to the opposite side is divided into 100 equal parts. 
The sum of the distances along the respective perpendiculars, from 
any point within the triangle to the opposite sides, will always amount 
to 100 of these divisions. Each point within the triangle will there- 
fore represent a definite mixture of all three constituents in such pro- 
portion as to total 100 per cent. Thus the point #, being 25, 50, 
and 25 divisions from the sides BO, CA, and AB, respectively, 
represents a mixture in which 25 per cent of the total fertilizing 
material is NH,, 50 per cent is P,O;, and 25 per cent is K,O. This 
point, therefore, represents a 25-50-25 fertilizer ratio, or any sub- 
multiple of this ratio, such as 4-8-4. Each side of the triangle 
represents varying mixtures of the two constituents represented by 
the adjacent corners but none of that of the opposite corner. Thus 
the side A/S represents mixtures containing varying amounts of 
NH, and P,O; but no K,O; and the side CA varying amounts of 
K.O and NH, but no P,O,. Any particular point on a side repre- 
sents a definite mixture of the two constituents represented. The 
point D on the side AB, for example, being 40 divisions from BC 
and 60 divisions from AC, corresponds to a fertilizer mixture which 
contains 40 per cent of the total fertilizing elements as NH,, 60 per 
cent as P,O; and 0 per cent K,O. 


* The triangular diagram has been used by Schreiner and Skinner (J. Am. Soc. Agron. Vol. 10, pp. 225- 
246, 1918) in their experimental fertilizer mixtures for studying the effect on plants of different ratios of the 
fertilizing elements, ammonia, phosphoric acid, and potash. 
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A material such as sodium nitrate, in which the NH, amounts to 
100 per cent of the fo eae elements present, will be represented 
on the triangle by the point A. Similarly, acid phosphate will corre- 
spond to the point 5, and a potash salt to the point C. As the lines 
joining these three points coincide with the boundary lines of the 
triangle, it follows that submultiples of any fertilizer ratio whatever 
may be made by combinations of these three materials. The maxi- 
mum fertilizer analysis formula possible for any given ratio is obtained 

2000 
XA+Y+Z 
contains 18 per cent NH,, the acid phosphate 16 per cent P,O;, and the 
potash salt 20 per cent K,O; then, for a 4-8-4 mixture, X =444, Y= 
1000, Z=400, and X+Y+Z=1844. Themaximum possible analysis 
formula, corresponding to the mixture 4-8-4, that can be made from 


29 
these materials is, therefore, Fence or 4.34-8.68-4.34. 


A material, for example a tankage containing, say, 8.5 per cent 
NH, and 5 per cent P.O;, would have 638 per cent of its fertilizing 
elements in the form of NH, and 37 per cent as P,O;, and would be 
represented in the triangle on the side AB by the point F. Sub- 
multiples of all ratios which fall within the triangle /CB can therefore 
be made from this material in combination with acid phosphate, 
and a potash salt, while those which fall outside this triangle, such 
as the analysis formula 5-2-3 corresponding to the ratio 50-20-80 
represented by the point G, can not be made. G, however, falls 
within the triangle FCA, and, therefore, eee of the ratio 
50-20-30 can be obtained by combinations of tankage and potash 
salt with a nitrogenous material. 

If the ammonia in a fertilizer mixture is to be obtained from nitrate 
of soda, cottonseed meal, and tankage, in the proportions given in 
Table 2, then 2 of a total of 4 parts of NH, will be present in the 
mixture as nitrate, 1 as cottonseed meal, and 1 as tankage. But 
the quantities of the two last materials, which contain 1 part each 
of NH, also contain 0.96 part of P,O,; and 0.23 part of K,O. The 
mixture of these three materials therefore contains 77 per cent of 
the fertilizer constituents as NH,, 19 per cent as P,O;, and 4 per 
cent as K,O, and may be represented in Plate I by the point H. 
Submultiples of all ratios which fall within the triangle HBC can 
be made by combinations of these three materials with acid phos- 
phate and potash salt. The maximum fertilizer analysis formula 
that can be made of any of these ratios is obtained in the usual way 
2000 


A+ X’4+ X"4+Y4Z 


FACTORS THAT INFLUENCE THE CONCENTRATION OF 
FERTILIZERS 


The principal sources of each of the three essential constituents of 
fertilizers are saline or mineral deposits and industrial by-products. 
Phosphate rock is the principal source of phosphoric acid, but the 
latter also occursin bones, fishscrap, andcottonseedmeal. Thepotash 
comes from saline and mineral deposits, and industrial wastes such 
as cement-mill dust, tobacco stems, and sugar-beet liquors. The 
nitrogen is obtained from even more diverse sources such as the 
nitrate deposits of Chile and the waste products of many industries. 


Thus, if the sodium nitrate 


by multiplying by the factor 


by multiplying by the fraction 
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The percentages of nitrogen, phosphoric acid, and potash in almost 
all these raw materials are comparatively low. No nitrogen deposit 
or waste material contains more than 15 per cent of nitrogen. The 
Alsatian potash deposits may run as high as 20 per cent of potash, 
but there are no known deposits or materials in this country which 
contain more than 12 per cent of potash. Phosphoric acid occurs in 
fairly high concentration in phosphate rock, but in the process of 
manufacturing commercial acid phosphate the concentration is - 
reduced to about 16 per cent. 

Other materials, such as garbage tankage, may contain as little as 
3 per cent of available plant food. When the products from these 
various sources are compounded into mixed fertilizer, the concentra- 
tion of the mixture must always be less than that of the most con- 
centrated material used in its preparation. Complete fertilizers 
containing as low as 10 per cent Bi total plant food constituents have 
been made, and for many years the average composition of the com- 
mercial mixed fertilizers could be represented by the analysis formula 
2-8-2, i. e., 2 per cent NH,, 8 per cent P,O,;, and 2 per cent K,O, by 
weight in the mixture. 

If low-grade materials could be obtained in unlimited quantity 
near all points of consumption, there would perhaps be little economy 
in increasing their concentration. It is recognized that in the use of 
such materials there may be advantages which are lacking in the use 
of more concentrated materials: (1) A’ market is afforded for indus- 
trial by-products which would not have a market otherwise; (2) the 
fertilizing constituents in these materials may vary greatly in avail- 
ability and thus serve to supply food to the plant throughout the 
erowing season; (3) while many constituents of low-grade materials, 
such as sulphur and different forms of organic matter, add nothing 
to the commercial value of a fertilizer, they may nevertheless have a 
beneficial effect on many soils; (4) many low-grade materials have 
properties which improve the physical condition of the whole mix- 
ture; and (5), small amounts of plant food per acre can be applied more 
conveniently in the form of low-grade than very high-grade materials. 
It happens, however, that the use of fertilizers 1s now increasing most 
tls in those States that have a limited supply of many fertilizer 
materials, and the cost of handling and transporting low-grade ferti- 
lizers is a very serious disadvantage to their use in such localities. 

This disadvantage has long been recognized, and considerable 
advance has already been made in increasing the concentration of 
many materials which require shipment to a distance. Commercial 
Chilean caliche, containing as low as 15 per cent sodium nitrate, is 
refined before shipment to a product analyzing 90 to 95 per cent 
sodium nitrate. Some of the German potash salts shipped to this 
country have been concentrated from about 9 per cent to 60 per 
cent potash, while a large proportion of the western potash salts 
produced since the war have been refined from a relatively low-grade 
material to one containing as high as 62 per cent potash. By the 
proper selection of these and other materials, the average analysis of 
mixed fertilizers has undergone a gradual increase in the last 10 
years, amounting to about 30 per cent. 

[t is generally admitted, however, that fertilizers of still higher 
concentration are desirable, and there is now an active campaign to 
raise the analyses of mixed fertilizers, and to limit*the number of 
analysis formulae. Action along these lines was taken at five con- 
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ferences recently held at Chicago, Boston, Baltimore, Shreveport, 
and Atlanta, attended by agronomists of various States and repre- 
sentatives of manufacturers selling fertilizers in the States mentioned 
on p. 12. At these conferences, 52 analysis formulae* were recom- 
mended, varying from 14 to 32 per cent in plant food constituents, 
with an average of 18 per cent. These recommendations, if put into 
practice, would increase the concentration of fertilizers about 51 per 
cent over the average mixed fertilizer of a few years ago. 

In addition to the cost of handling and transporting, there still 
remains a more serious objection to dependence on low-grade material 
for future expansion in fertilizer manufacture. This is the question of 
supply. A number of materials, as cottonseed meal, tankage, etc., 
which have been used extensively in fertilizers, are being used more 
ue ome as feed for livestock. The output of these industrial by- 
products is limited by the production of the principal products and 
can not be increased independently of the latter to meet an increased 
demand for the by-product. 

To meet the probable future needs for nitrogenous materials, atten- 
tion is now being directed to a source that is neither mineral deposit 
nor industrial by-product—namely, the nitrogen cf the air. 

When atmospheric nitrogen is fixed as ammonia, nitrogen is obtained 
in one of its most concentrated combinations. Ammonia, as such, 
however, can not be used directly as a commerical fertilizer; it becomes 
suited for this purpose only when neutralized with an acid. 

Investigations by the Bureau of Soils,> now commercially utilized, 
have shown the feasibility of the industrial production of phosphoric 
acid by volatilization from phosphate rock, and the probable direct 
competition of this procedure with the sulphuric acid method for the 
treatment of phBeplinte rock. From the fertilizer standpoint, the 
newer method has the advantage of directly yielding an acid of a 
concentration most suitable for combining with ammonia, and for 
making, by substitution for sulphuric acid, many other concentrated 
materials such as the phosphates of sedium and potassium. 

The manufacture of fixed nitrogen and of phosphoric acid thus 
provides the means for making many high-analysis fertilizer materials 
which may have wide application in the future if the supply of low- 
grade material falls short of the demand. 


CONCENTRATED FERTILIZER COMPOUNDS 


In Table 3 are given the chemical and physical properties of a 
number of inorganic materials which contain one or more of the 
essential constituents of fertilizers. The incompleteness of the table 
is due to the fragmentary nature of the data recorded in the litera- 
ture, which, in addition, are often very conflicting. Some of the 
materials listed are now widely used in fertilizers. The data for the 
others are supplied for the purpose of showing which materials may 
have future application in increasing the concentration of fertilizers 
and which have properties that prevent their use for this purpose 
unless a satisfactory way is found to eliminate the properties that 
are considered objectionable. 


4 The Standard. Analyses. Anon. Am. Fertilizer, vol. 58, No. 4, p. 27, 1923; High Analysis. Anon. 
Am. Fertilizer, vol. 59, No. 9, p. 28, 1923. 

> The Use of the Cottrell Precipitator in Recovering the Phosphoric Acid Evolved in the Volatilization 
Method of Treating Phosphate Rock. W.H. Ross, J. N. Carothers, and A. R. Merz. J. Ind. Chem., 
vol. 9, p. 26-31, 1917; Electric Furnace Smelting of Phosphate Rock and Use of the Cottrell Precipitator in 
Collecting the Volatilized Phosphoric Acid. J. N.Carothers, J. Ind. Eng. Chem., vol. 10, p. 35-8, 1918; 
Investigations of the Manufacture of Phosphoric Acid by the Volatilization Process. W.H.Waggaman, 
H.W. Easterwood, and T. B. Turley. U.S. D. A. Dept. Bull. 1179, p.1-53, 1923. 
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Triangular diagram illustrating the graphical representation of fertilizer ratios, and the 
ratios obtainable from fertilizer materials of given composition 
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Triangular diagram showing fertilizer ratios obtainable from combinations of mono- 
ammonium phosphate, monopotassium phosphate, and potassium nitrate, as well as 
those obtainable from combinations of these compounds with single fertilizer constit- 
uent materials 
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Among the concentrated materials listed in Table 3 are the salts, 
monoammonium phosphate, monopotassium phosphate, and potas- 
sium nitrate. These compounds contain combinations of all three 
fertilizer constituents in groups of two, and all have chemical and 
physical properties which make them admirably suited for use in 
fertilizers. Potassium nitrate has long been used to a limited extent 


in fertilizers, and is obtained from Chilean nitrate and other sources. | 


It may also be prepared by treating potassium chloride with nitric 
acid such as that produced in the fixation of nitrogen. Monoammo- 
nium phosphate is now being used to some extent in high-grade fer- 
tilizers, and may be prepared by neutralizing ammonia, such as 
obtained in the fixation of nitrogen, with phosphoric acid. The use 
of monopotassium phosphate in fertilizers has been limited to experi- 
mental tests only. It may be prepared from potassium chloride and 
phosphoric acid. The percentage composition of these salts is given 
in Table 4. 


TABLE 4.—Composition of concentrated fertilizer salts 


Composition on basis of— 


Salt Total material — Fertilizing elements present 


NH3 P205 KsO NH3 P205 K20 


Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 
Monoammonium phosphate, NHsH2PO;-| —14. 80 Gli 72 ata es [dyelG.34 40 58068 (i= Seateee 
Monopotassium phosphate, K H2PO:_____|___-_____- 52.18 SE DON oe ae 60. 14 39. 86 
Potassium nitrate, KNO3____-2--.-___-_=- T6885 see 46. 58 | 26. 57 


FERTILIZER MIXTURES FROM CONCENTRATED MATERIALS 


Applying the triangular system to fertilizer mixtures from con- 
centrated materials, it is seen from the percentage values given in 
Table 4 that monoammonium phosphate corresponds to the point 
D in the triangle of Plate IL; monopotassium phosphate to the point 
FE and potassium nitrate to the point F. These three materials may 
therefore be used to make submultiples of all fertilizer ratios falling 
within the triangle DEF. In the same way, triangles may be drawn 
corresponding to combinations of any two of these compounds with a 
nitrogen, phosphoric acid, or potash salt. Thus the triangle ADE 
incloses all possible ratios that can be made with mixtures of mono- 
ammonium phosphate, monopotassium phosphate, and a nitrogen 
compound; the triangle CDE all ratios that can be prepared from the 
same two compounds and a potash salt, and the triangle BDE all 
the ratios that can be made from these two compounds and a phos- 
phatic material, such as acid phosphate. 
~ When each of three materials selected for a mixture contains two 
fertilizing elements, then the amount of each required to give a ton 
of a fertilizer of any analysis formula which they are capable of 
making, as shown by the triangle method, may be calculated as 
follows: 

If A, B, and C are the percentages respectively of the NH,, P.O;, 
and K,O desired in the mixed fertilizer, and— 

X = Weight of material containing a per cent NH,, and 6 per cent 
el Oe 


_. 2 oo 


Y =Weight of material containing b’ per cent P,O;, 


AAR RBAREE SEMER BPA Ee ae ee eee eee 


COMPUTATION OF FERTILIZER 


na meme 


arcane. 


MIXTURES 


i | 


and ¢ per cent 


K,O. 
Ya Weight of material containing c’ per cent K,O, and a’ per cent 
NH.,. 
i bic A +aleB—a!.b).0 | 
yr 2000 Be wn, (9) 
y ee 3) 


For the particular case where the three materials used are mono- 


ammonium phos 


nitrate respectively, 


X,monoammonium phosphate = 2000 
Y, monopotassium phosphate = 


Z, potassium nitrate = 


Ra monopotassium phosphate, and potassium 


2430.54 A + 582.84B — 879.23 C 


71945 


2000 B—61.72 X 


R28 


2000 O—34.6 Y 


46.58 


The number of fertilizer ratios it is possible to make from these 


materials is limited, as already explained, and the same is true of 
any three materials which contain two constituents each. How- 
ever, by successively combining these materials in pairs with ammonia, 
phosphoric acid, and potash salts, nine possible combinations are 
obtained and can be used, by varying the materials in any combina- 
tion, to make any fertilizer ratio whatever. In Table 5 are given 
expressions for calculating for each of these nine combinations the 
quantities of the materials required for any fertilizer formula falling 
within the triangle representing the combination in Plate IT. 


TaBLeE 5.—Expressions for calculating the quantities of material required for a 


ton of an A-—B-C fertilizer when materials that contain two fertilizing elements 
are combined in pairs with an NH3, P,O0;, or K,O salt 


zy —— — — — 
Bie ie me oe OA F2, GUN RPM ee eel ea 2,000 C-c¥ 
a b’ cl | 
A V+ Miz, -=--| 2,000 B-b'Y| 2,000 € |... ZOOMP aH ICe Biel Lan 
a) | c a’ | 
X+Y+Mp,o --- | 2,000 A PAULO Cosy ena ee I ii ines heat Be wesc Se oA 2,000 B-b X-b! ¥ 
a @ bY’ 
Ma Minas eee ee 2,000 B 2, O00: CY | 2,000 A-a’Z |__--..---------- 
, | a!’ 
yea eyed? t2: OT 2,000 C-c' Z| 2 000 A, AERC OT ON EEE ee 2,000 B-b’ ¥ 
o | c a’ | b/’ 
1 Sa Ne ae be 2000 Br 20008.) ove ee cae | 2,000 C-c Y-c’ Z| 
[+ | b’ a’ 4 
ZVX+My,9----| 2,000. B |-...-----=-- 2,000 A-a X|_____--------++- 2,000 C-c' Z 
| b a’ (Ms 
Ape te 2,000 BLO 2 2,00 Ch) O00 AA pt Zo ML Le oe 
3 b Teh ant 
ATK cy 3--=|.2,000 A-a’ Zi 2, GG seat le Ala bh see 2,000 B-bX 
5 TF ages? c! b’”’ 


X, ‘quantity of material containing a per cent NH; and 6 per cent P2035. 


Y, quantity of material containing b per cent P20; and c per cent K2O. 


Z, quantity of material containing c’ per cent K20 and a’ per cent NHs. 


Mn, quantity of material containing a’’ per cent NHs3. 
Mp, rom quantity of material containing b’’ per cent P2Os. 
M K20, ’ quantity of material containing c’’ per cent K20O. 
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STANDARD FERTILIZER MIXTURES FROM CONCENTRATED 
MATERIALS 


In Table 6 are listed the different fertilizer analysis formulae rec- 
ommended by the five agricultural conferences already referred to 
for adoption. The States represented at these different conferences 
were: (A) Maine, New Hampshire, Vermont, Massachusetts, Rhode 
Island, and Connecticut; (B) New York, Pennsylvania, New Jersey, - - 
Delaware, Maryland, Virginia, and West Virginia; (C) Ohio, Missouri, 
Michigan, Indiana, and Wisconsin; (D) Arkansas, Texas, and 
Louisiana; (EH) North Carolina, South Carolina, and Georgia. 


TaBLe 6.—Fertilizer-analysis formulae recommended by five regional agricultural 
conferences for adoption 


| 
| Hl | 

2. ee | O-B-oF CV aN AO Gace ger hs oe nes 
ery 0210-4) 2 ee ee are 4-8-6 4-8-6 4-976) TOTO 28-5 
_ ee | O=10-16 28010200) prea eae 3 Saba oe | pecan Bk 4-S210/ [se ee 9 oS a see 
Eee? SS eae er eae O-12-4°| O21 ae We oN id ene | Re a 

eto pelo 6 |) Oza ae ds Ra A! se | RS ei ED SE A Ve 4-10-4 
25 st Sl ae | O21 taal swe SPs vba eee | Fogle ea? 412-0!) 4-12-0|_______-__- 4-12-0 
J Pa ae nee a (es 27 ea Damion ay OH ee, | cto a ae espe gets Sat Brae 4-12-4 
Mipwrht \reeist 28-16)|| aiclieulize Gp S| iio ya erie ane Tir gd iegee ees © 
_ nn eS bie clans Tey eae oy 210240 ||, cee ly eA Re oe es 
BG" ar FIihe 9) Dis eine | a. VRE ef | Postage 16 an ee 
PaaS a ee Ss Dee eremenen Perea re Oe See Ne Ree ae 

nan, Ina | in ae One ee | bellied 8 hi cag bn ASHEN Yk» Sool oie 4. 86-104 |_____-__- 
oy ere Jesce od tl yy 2B et ol oe Te ret Hibs ay pyar IT ery oh ea eS aaa ee apd ee 
Leone eae Pe Oy SN MSE asl poate po a) ney) mis | er Re Se Ee 
evr AU OF TITS 2-16-2 iaiecey| Bit: | LSS. SIA JOT APES OE 
_- ee 24519 9 | the oo eee ae ee ee ce Ose ee aes 
ih ae sig gale: 42 re [2a aeeeay Sons = | eee a Whe arn edd Wala 6 eae Ab es 
Maps teh (A lad a2 See 3-8-5 SeTiacHclid? Vie bee ieee 
a ed S706 ee on | oe ne all ee ee ee ee eee 
eT A) Beg ig (Fk SUE SASS 5 SRS OT) Serge eed “Are eae eee 

IoC Ek, ie SR iE een) oC INE Wey cheers, Se! (Ee POE 1 Pa Fee 

SETOAG [Pag eet RIPE A ET RNA A Ree eee poo Se tered 6.07 eee 
Bese ere VCE A BEE hae bed Be ees 3-10 -Sy lit Be sted # tle. va feeds Alt. ate 7-6-5 
oo el ie ait eS Ne ah te ie ba eo a Sry PO 58 Bik oR LAR wee ase 
_ 2 ee ie a Bee SoG 5 G4219°0 [oul fe oe ee ie Ce 


aes AE Aes Fest FES 364-1223 {oe | eee ot 1025-0) [o's ep cul tga We | de Soe ag 


The ratios corresponding to each of these analysis formulae are 
pee as points in the triangle of Plate III. By plotting also the 
ines, or triangles corresponding to any desired materials combined 
in groups of two or three, it may be seen at a glance what analysis 
formula can be made from any given materials. Thus 17 of the 52 
standard analysis formulae plotted in Plate III fall within the tri- 
angle DEF and may, therefore, be prepared from combinations of 
monoammonium phosphate, monopotassium phosphate, and potas- 
sium nitrate. Nineteen other aay formulae fall within the tri- 
angle ADF and may be prepared from combinations of monoammo- 
nium phosphate, potassium nitrate, and an ammonium salt. The loca- 
tion of the remaining 16 analysis formulae shows in a similar way 
what materials may be taken for their preparation. Of these 16 
formulae 12 contain but two fertilizing elements. It may be noted 
also that a number of the analysis formulae fall within several tri- 
angles, indicating that they may be made by different combinations. 
Thus the analysis formula 3-10-6, numbered 22 in Plate ILI, falls 
within the four triangles DEF, ADE, DFB, and DFC, and may be 
prepared from monoammonium phosphate and monopotassium phos- 
phate in combination with (1) an ammonium salt or (2) potassium 
nitrate; or from monoammonium phosphate and potassium nitrate 
in combination with (3) a phosphoric-acid salt or (4) potash salt. 
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Showing the location of the fertilizer ratios of 52 standard high-analysis fertilizers on the 
diagram of Plate IT 
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Triangular diagram showing the fertilizer ratios obtainable from combinations of mono- 
ammonium phosphate, monopotassium phosphate, and potassium nitrate with a fourth 


fertilizer material 
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The quantities of these or any other materials required in the prepa- 
ration of this or any other analysis formula may be calculated by 
means of the expressions given above. 

In Table 7, by way of illustration, are given the weights of mono- 
ammonium phosphate, monopotassium phosphate, and potassium 
nitrate required for a ton of mixed fertilizer when combined together 
or taken in pairs with an ammonium, phosphoric-acid, or potash 
salt for the preparation of the standard fertilizer analysis formulae 
listed above. The weights of the materials given in the table have 
been calculated on the basis of 100 per cent purity. In the case 
of the commercial preparation of fantidl ner mixtures, it will be neces- 
sary to divide the weights given in the table by the percentage of 
purity of the fertilizer material, and multiply by 100, to determine 
what quantity of the commercial material to use. 


TABLE 7.—Weights of materials which may be used in making a ton of standard 
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13 | 2-12-6 | 10-60-30 | 182. 9 243. 7 FON NR £3 Se kel: L vehh eee eee 
13 | 2-12-6 | D630) |= Se see 27.2 Di Adp Sas Bl Ree 225. 8 
fo 12-6 10-60-30 | 95.6 | BG. 9) | PP BL eee ty ee emer 
13 | 2-12-6 10-60-30 270. 3 | 12053) |e ate jo nat FRCRE | 4155 |) eee 
14 | 2-14-2 | 11. 11-77. 78-11. 11 270. 3 | bya eee oe ae {4 Sort ate jc. eae 52.9 
14 | 2-142 | 11. 11-77. 78-11. 11 yy eee eee BirQ id As Ph gael i eet 173.7 
15 2-16-2 10-80-10 | 270. 3 Ea, ee ee a, ee Ee 92.9 
15 | 2-16-2. 10-80-10 | (iS ai S89, jace sky. ee 213.7 
16 2,43-12-2 14. 79-73. 04-12. 17 | 309. 7 93. 6 | (ays Ce Ser aes PS 
16) 2.43-12-2 | 14. 79-73. 04-12. 17 | 291.1 1536 | Se orete cl RS .2 8.8 |e eee 
16 | 2.43-12-2) 14. 79-73. 04-12.17 | 328. 4 lf. | 22 jee eae Ceeates ae: 1553 |i. eae 
16-2. 43-12-2114. 79-73. 04-12.17 | i271 Sy i bee ee Seek Saya etn Cs ja teas aso 97.8 
17 3-8-3 | 21.42-57. 14-21. 43 | 259. 0 SA 8 i086 [a= oe |. §233-| 5: Seas 
17 3-$-3 | 21. 42-57. 14-21. 43 | 112.6 1) 2) eae gO re eae eee Mi ees CS - 
17 3-8-3 | 21. 42-57. 14-21. 43 | BESO (nie Rparl# IORGS hai ant ge. oe } oat ee 3 
17 3-8-3 | 21. 42-57. 14-21. 43 | BROS 2 wes APRA in” 2 ni os Rte Mee > 
18 | 3-8-5 18, 75-50-31. 25 | 210.1 | a ty cs |e ge EN ices | 
18 3-8-5 | 18. 75-50-31. 25 | 14.7 | PB9.4) | ie eel ee Ril ck ae |, ee 
18 | 3-8-5 18. 75-50-31. 25 | DO'S | ps epee = 3 | Pogo seb Be be 40:5 |- 2 
18 3-8-5 | 18. 75-50-31. 25 | Cc) es ke he Pe rie Mette Seer, eee Beet ee 60.8 
19 3-8-6 | 17. 65-47. 06-35. 29 | 185. 7 87.0 103 | ee oe ei 2 a he ee 
19 | 3-8-6 | 17. 65-47. 06-35. 29 | fee 2s TE OBRG Je ch ok eh aoe! 90.8 
19 3-8-6 17. 65-47. 06-35. 29 | 2 ean ane eae JORD Je. 39 Fe 3 1: > #6053) | = anes 
19 3-8-6 | 17. 65-47. 06-35. 29 |._._.____-_. 306. 6 29. 8 | 55.0 | 4g33 |. ee 
20 3-8-8 | 15. 78-42. 11-42. 11 136.8 | 144.3] °. 9 CBG da. SAR a ee 
20 2-8-8 | 15, 7842.11-42.11 | ig ae eae es TO? eae cee eee 151.2 
20 | 8-8-8 15. 78-42. 11-42. 11 7 a ee | LBs Sk ag eg |) pl@O2S | aeeaee 
20 3-8-8 | 15. 78-42. 11-42, 11 |___________- 306. 6 iios7 405 |v: 5 eee 
21, 3104 17. 65-58. 82-23. 53 267. 0 oti rary Fa Og eat ae eee oe ee 
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TABLE 7.—Weights of materials which may be used in making a ton of standard 
fertilizers—Continued 


Analysis 


Fertilizer constituents sup- 
plied by other materials 


Reanl Sloraiith Ratio NHsH2P0s| KHePOs | KNOs3 
NH; K20 

Pounds Pounds } Pounds | Pounds 
21 3-10-4 | 17. 65-58. 82-23. 53 128. 5 O30 13 ss LOM At. O 2a FOS 
21 3-10-4 | 17. 65-58. 82-23. 53 DO gt pe Msi S as. Way 7(* ar eee Sas Rey ee Be | 
21 3-10-4 | 17. 65-58. 82-23. 53 SOAS a ee we eens TIMBRE eee cone 46. 6 
22 3-10-6 | 15. 79-52. 63-31. 58 218.1 125.3 164.6702 loryth acre | 
22 3-10-6 | 15. 79-52. 63-31. 58 30.8 346. 9: |=ad eee 55 4 je ee aed 
22 3-10-6 | 15. 79-52. 63-31. 58 hehe alk Gat O85 by OE rey A pamee a 8D ah [sorts eS 
22 3-10-6 | 15. 79-52. 63-31. 58 SOG) hie ee COMES SRW ey, yy 86. 8 
23 3-12-3 | 16. 67-66. 67-16. 66 323.8 76.9 VA el idee Aca rakes [ae eee 
23 3-12-3 | 16. 67-66. 67-16. 66 D5S Bie | ve coyiedy 1285S a An Miser ieage 
23 3-12-3 | 16. 67-66. 67-16. 66 242. 2 rg aa fags eae | DCO es Wa 
23 3-12-3 | 16. 67-66. 67-16. 66 SEBsOn Ie oe eae HON at OS 53. 4 
24 3-12-4 | 15. 79-63. 16-21. 05 299. 3 105. 9 9ax10|_ So. whol Ee | Eeetee | 
2A. | 3-124 | - 15. 79-63. 16-21. 05 193.3 Sy IRS ihe ie eede Sie a eaeeee tes 
24 3-12-4 | 15, 79-63. 16-21. 05 Tih | hale am inde Lads Tul eee ee (beeen 2 
24 3-124 | 15. 79-63. 16-21. 05 SHEMET |Site ne a ea (ta 4a tea ere 73. 4 
25 | 3.64-12-0 23. 27-76. 73-0 DGREGH ares he 2. Jit a oe f503) [eee 
26 | 3.64-12-3 | 19. 53-64. 38-16. 09 367. 0 25.8 LOGS 7 0 Seabee 5. Hemet cee 
26 | 3.64-12-3 | 19. 53-64. 38-16. 09 242. 2 nye yea ie NR AO 37/0 |. 1_9iadas 
26 | 3.64-12-3 | 19. 53-64. 38-16. 09 BAb Mae ak! Seka AA 128. SRO ws aise 
26 | 3.64-12-3 | 19. 53-64. 38-16. 09 BT | Ramer ue eC CUE G2 eee oe eels 18. 0 
27 4-8-4 25-50-25 63.7 DATES yy coca DEG 4 eke leh 
27 4-8-4 25-50-25 DOES: i|Sme ee a ates 171.7 ROL aly 
28 4-8-6 | 22. 22-44, 45-33. 33 253. 2 eel Pig le uy Sena: aki ee aoe i 
28 4-8-6 | 22.2244, 45-33. 33 DATA SY |e etal O57 6A ete ae eae se 
28 4-8-6 | 22. 22-44. 45-33. 33 FASO Np Lae ba (al GAT SAGROR) Ct oe 5.0 
28 A-8=6 | 129) 29 -A4v Ab Sau o | le epee 306. 6 29. 8 25.0) [cb OE 
29 4-8-10 | 18. 18-36. 37-45. 45 155. 5 122.7 o Bio 3 | MaeMe ari | aE 
29 4-8-10 | 18. 18-36. 37-45. 45 Te di sai Oe ae a Cro Ss (ane Sea fee eS 
29 4-8-10 | 18. 18-36. 37-45. 45 SIROUO | JERE De eeeee Pe IBAGR OS Deka 3 85. 0 
29 4-8-10 | 18. 18-36. 37-45.45 |..._-2 27 306. 6 201. 6 46:07) Re 
30 4-10-2 25-62. 5-12. 5 226. 3 HES 6522 ke 66 |o 2 hoebee 
30 4-10-2 25-62. 5-12. 5 32450; 0 sean 4 85.9 Bz oss, | SLR 
31 4-10-4 | 22. 22-55. 56-22. 22 128. 5 Ost Sy 08 Ses G1. Os|. Siete 
31 4-10-4 | 22. 22-55. 56-22. 22 SIA. Oil ae a tray Ye ee! eS 
32 4-12-0 25-75-0 B88 'OF| 2 UAL ee PTs ae 22:5, | MarOUes 
33 4-12-4 20-60-20 366. 9 26. 0 Aa See | Re | 
33 4-12-4 20-60-20 193.3 SSAC AN Gen Pa es 5 51.4 | 
33 4-12-4 20-60-20 9453) || veers TWA gl ee ape Oe Ia Sa 
33 4-12-4 20-60-20 B88..0) 7 aes AGO Weute- thks 18.1 
34| 4.86-8-4| 28. 83-47. 45-23. 72 63.7 O31. Sli. Oe aes S7.-Si [ts NS 
34| 4.86-8-4| 28. 83-47. 45-23. 72 Chee Ml bake uh a \  Reraene 29,97) 3 80k” 
35 | 4.86-8-6| 25. 77-42. 42-31. 81 stig Pee ae 257.6 15:4) 222 e, 
35.| 4.86-8-6 | 25.77-42.42-31;81 | 306. 6 29.8 99.9 |. 2 eret se: 
36 | 4. 86-10-0 32. 71-67. 29-0 BOAO) | Ete cee | AO -3)|_2 BR 
37 | 4.86-10-2 | 28. 83-59. 31-11. 86 226. 3 C156 |. .6 SSN 63.85 | 2 Sees 
37 | 4.86-10-2 | 28, 83-59. 31-11. 86 SIAL) \ecene ae sae 85.9 B48 Bee: 
38 | 4.86-10-4 | 25. 77-53. 02-21. 21 128.5 O3193' |... ea wee hee ise a 
38 | 4.86-10-4 | 25. 77-53. 02-21. 21 BIA Qh SAR os © bs SS ee DOLe |e 
39 | 4.86-12-4 | 23. 30-57. 52-19. 18 193.3 S317 3. [Lt Ae G8. 6: |o sees PO 
39 | 4,86-124 | 23. 30-57. 52-19. 18 SER Qohy os AN CA Gea (727 1072 | 2 eee 
40 | 5-4-6:| 35. 71-28..57-35. 72 |-..-.21__-_- 153.3 100. 9 | 83. 0) ES | 
40 5-4-5 | 35. 71-28. 57-35. 72 1200.6; | 2 a |" Bal ot 44..Gi). eee 
41 5-7-5 | 29, 41-41. 18-29. 41 DOB. Gillivt Meee ede 214.7 30.9)) 9 Shi 
41 57S a yO 241-411 8-20, 410 | Se 268.3 | 15.5 97.4 12 ea s® | 
42 5-8-3 | 31. 25-50-18. 75 112. 6 T7eAb! |. eae 83.3 1 Saeree 
42 | 5-8-3 | 31. 25-50-18. 75 ZENG ie eee ee 128. 8 49.98); erent 
43 | 5-8-5 | 27. 78-44. 44-27. 78 14.9 SW eet WS O78! este | 
43 5-8-5 | 27. 78-44. 44-27. 78 D592 2k eae ee pa Sd ee Se 
44 5-8-7 | 25-40-35 |....----.--- 306.6 | 73.0 7.41 eeeeews 
44 | 5-8-7 25-40-35 | 950.3 |. . LARae ys 300. 6 10,-9°1_J_ Bb | 
45 5-10-3 | 27. 78-55. 55-16. 67 | 177. 4 173.5 \o tS Sy lc 
45 | 5-10-3 | 27. 78-55. 55-16. 67 | B24). | al a ee > [4 gers is ae ee 
46 5-10-5 25-50-25 79.7 Pega a mallee A She oe alae 
46 5-10-5 | 25-50-25 | aoe, |. ft Bee 214.6 i a pe To | 
47 6-8-4 | 33.33-44. 45-22. 22 | 63.8 DB1.3. | lta ites 17026 [ug Sethe 
47 | 6-8-4 | 33. 33-44. 45-22, 22 | 250.9) |. ok eA calc iy a I 
48 | 6.07-7-5 | 33. 59-38. 74-27. 67 | DIG. eh ee a ) | vehpat 61.6 |. eee 
AS... - 6,.07-7-5 -|.-33.-59-38. 7427067 |. 22-08 | 268.3 | 15.5 106, 41 Sea 
49 7-6-5 ||. 38/89-33,-83-27. 78 |_-.22t ese 230. 0 | 44, 0 TS) 44). 2 Ooh ee 
49 | 7-6-5 | 38. 89-33. 33-27. 78 | 194: 45 4.920 oe | 214.7 $5.4) .5. eeree 
50} 8.5-8-0 | 51. 52-48, 48-0 | Te eee {244 ee ae 1st. a4. ere 
51 | 8-6-6 40-30-30 4_...2 0. _- 230.0 | 86.9 125, 22), eee 
51 8-6-6 40-30-30 104; ay ot Se } 257.6 | (Ah A aay 
52 10-5-0 66. 67-33. 33-0 | 162; Or hs2p eee ol ee wh Es 176. Ta) 2 ee 

| 
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COMPUTATION OF FERTILIZER MIXTURES 15 


If it is desired to combine a fourth material in a mixture with 
three others containing two fertilizing elements each, such as mono- 
ammonium phosphate, monopotassium phosphate, and potassium 
nitrate, two special cases may be considered, depending on whether 
the fourth material contains one, or two, fertilizer constituents. 

A nitrogen compound such as ammonium nitrate is represented 
in the triangle of Plate IV by the point A. By plotting the points 
D, E, and F as before to represent the ammonium and potassium 
phosphates and potassium nitrate, the area ADEF will inclose all 
possible fertilizer ratios that can be prepared from mixtures of these 
materials. 

If the fourth material has a composition similar to tankage (con- 
taining 8.5 per cent of NH,, and 5 per cent of P,O,), it may be repre- 
sented in the figure by the point P, and only fertilizer ratios falling 
within the area PD EF can be made from these four materials. 

In calculating the quantities of the four materials required for a 
ton of any given analysis formula, such as the 8-6-6 mixture repre- 
sented at the point Z, the two NH,—P,O; materials may be taken 
arbitrarily in any proportion such that the point Q representing the 
mixture will form the apex of a triangle on the base EF inclosing L. 
It is apparent from the figure that the location of the pomt Q may 
vary from P (representing the tankage alone) to the poimt Q’, which 
becomes the apex of the triangle when the side FQ’ passes through L. 
The relative quantities of the two materials required to form a mix- 
ture containing a given ratio (7) of NH,: P.O; corresponding to Q is 
determined as follows: 

Let x=quantity of the first material. 

y=quantity of the second material. 
a=percentage of NH, in first material. 
a’’ =percentage of NH, in second material. 
b=percentage of P.O, in first material. 
b’’=percentage of P,O, in second material. 
az+a’’y 
Then, aie si) 
or 
a—rb _ 
es ph! ‘LglAiv 

For monoammonium phosphate and tankage, 

pA @ oS.) 0 — Ol (2. and 0 —o 

For monoammonium phosphate and ammonium nitrate, 

fio — 4255.0 —o1.(2- and b— 0 

If a ratio of NH,: P,O, in the mixture is selected corresponding to 
the point Q, which represents 55 parts of NH, to 45 of P,O,, r= 55/45: 
whence for tankage with monoammonium phosphate, y=25.4 x, and 
for ammonium nitrate with monoammonium phosphate, y=1.43 z. 

Mixtures corresponding to the point Q may therefore be prepared 
from 25.4 pounds of tankage, or 1.43 pounds of ammonium nitrate, 
with one of monoammonium phosphate. 
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The quantities of these materials, together with monopotassium 
phosphate and potassium nitrate, required for a ton of an 8-6-6 
fertilizer may then be calculated by help of equations (1), (2), and (3), 
with results as follows: 


Case 1 Case 2 


(pounds) (pounds) 
Monoammonium phosphate_______________ 160. 7 5247 
Monopotassium phosphate________________ 39.8 39. 5 
POUANSHLAN Times so a ls ae eee ee 228. 0 228. 3 
AMMONIUM. Mtrabe. SVE ye ie eis A PA ty Toe i Etat Seed Ake 
Rankase ce TO DO toy A BSI eT SOs 1, 337. 7 


In a similar way, calculations may be made of fertilizer mixtures 
using four materials of other composition, or any additional number 
of fertilizer compounds. 


SUMMARY 


The materials now used in the fertilizer industry contain, as a rule, 
only one of the three plant-food constituents. Consequently, the 
calculation of the quantities of these materials required for a mixed 
fertilizer of given analysis formula is a comparatively easy arith- 
metical process. | 

As the number of materials, particularily of single constituent 
materials, available for a fertilizer mixture is reduced, the range of 
fertilizer analysis formulae which they are capable of making is also 
reduced, and the difficulty of the ordinary arithmetical method of 
calculating any mixture may be greatly increased. 

It is pointed out that the number of materials used in mixed 
fertilizers is likely to decrease, and that the concentration of those 
used will probably increase. 

A method is presented whereby it can be quickly ascertained, by 
means of triangular diagrams, whether a mixed fertilizer of given 
analysis formula can be made from combinations of two-fertilizer- 
constituent materials. 

Formulae are given for the computation of the respective quantities 
of these materials required for making mixed fertilizers in those 
cases in which the fertilizer can be made from these materials. 

Tables are presented giving the results of such computations for the 
52 analysis formulae adopted by conferences of agronomists and 
fertilizer manufacturers as standard for the 24 States represented. 
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